Researchers at the Johns Hopkins University have developed a new method for finding specific sequences of DNA by making them light up beneath a microscope. The researchers, who say the technique will have important uses in medical research, demonstrated its potential in their laboratory by detecting a sample of DNA containing a mutation linked to ovarian cancer.
Human Hair Serves as Scaffold for TiO 2 Microtubes with Au Nanoparticles
A comparison to human hair is widely used to give a sense of scale when describing tiny structures. Now, human hair has been used as a scaffold for the fabrication of TiO 2 microtubes, as reported by S. Liu and J. He of the Chinese Academy of Sciences in the December issue of the Journal of the American Ceramic Society (DOI: 10.1111 (DOI: 10. /j.1551 (DOI: 10. -2916 (DOI: 10. .2005 p. 3513) . Nanopores in the walls of the titania tubes also serve as formation sites for chemically derived gold nanoparticles.
Liu and He dipped human hairs into a solution of titanium tetrabutoxide, Ti(O n Bu) 4 , in toluene or ethanol, allowing the Ti-based molecules to react with hydroxyl and amino acid groups on platelike cells on the outside of the hair shaft. After drying and hydrolyzing the samples, the researchers repeated this sol-gel process a number of times to vary the thickness of the titania. Calcining the hair-titania samples at 800°C removed organic components, leaving behind TiO 2 tubes ~40 μm in diameter composed of platelets ~15 μm in diameter and ~0.5 μm thick, with planes perpendicular to the tube axis. X-ray diffraction analysis confirmed that the TiO 2 was crystalline, composed of roughly 2/3 rutile and 1/3 anatase phases by weight.
Close inspection with scanning electron microscopy revealed that the platelets contained nanopores ~20-200 nm in diameter. The researchers used the pores as templates for gold nanoparticles by immersing the tubes in an aqueous AuCl 3 solution and then an aqueous NaBH 4 solution. Transmission electron microscopy showed the formation of gold particles with average diameters of ~23 nm, which is consistent with the size of the nanopores.
The researchers are extending their work with the goal of improving control of the size of the metal nanoparticles and the crystalline phase of the ceramic matrix, as these properties can strongly influence the performance of the structures in proposed applications, which include catalysis, adsorption, and separation.
AMANDA GIERMANN
A pH-Sensitive Polymer Sensor Developed
In a communication in the December 13, 2005, issue of Chemistry of Materials (DOI: 10.1021/cm051663o; p. 6213), researchers from Seoul National University report a new polymeric sensor that detects pH changes in the physiological regime. The researchers, S.W. Hong, K.H. Kim, J. Huh, C.-H. Ahn, and W.H. Jo, describe the syn-thesis of a poly(sulfadimethoxine) chain terminated with two fluorescent moieties, pyrene on one end and coumarin 343 on the other. Below pH 7, the polymeric spacer undergoes a rapid conformational transition to a collapsed state. This brings the fluorescent groups, which are a donor-accep-tor pair, into close proximity and leads to fluorescent emission at a new wavelength, signaling the pH change. This type of sensor has numerous applications in biomedical and environmental applications, including pH monitoring of water sources and the identification of tumor cells. Figure 1 . DNA probes capture the target strands of DNA, then stick to a quantum dot. When a laser shines on the quantum dot, the QD transfers the energy to the DNA probes, which light up through a process called fluorescence resonance energy transfer.
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Hong and colleagues synthesized the polymer by atom transfer radical polymerization. They used a modified pyrene as the initiator, which fixes the fluorophore onto one end of the growing chain, and chose sulfadimethoxine as their monomer for its physiological-range dissociation constant. After polymerization, coumarin 343 was added to the free end of the chain through an ester linkage. At pH 7.5 and above, the primary emission is from the pyrene, as would be expected from the excitation wavelength of 334 nm; at pH 7.0 and below, the researchers observed a broad peak at 491 nm, corresponding to coumarin 343 emission as well. Since coumarin 343 is not excited by 334-nm light, the researchers ascribe this peak to a fluorescence resonance energy transfer from the pyrene to the coumarin due to physical proximity. This occurs as the pH is lowered below the dissociation constant of the polymer chain and the chain transitions from a coil to a globule state, pulling the two fluorophores close together. According to the researchers, this process and the appearance of the signal peak from the coumarin are reversible, suggesting that this sensor could be used to monitor multiple pH changes over time.
KRISTA L. NIECE
New Family of Self-Assembled Nanolattices Created
Inspired by the way most solids form in nature, with free-floating molecules spontaneously assembling themselves into a rigid, highly uniform array, researchers from Columbia University and IBM have learned how to create a new family of intricate structures out of artificial nanoscale crystals. Because the nanocrystals can be chosen for their precise magnetic and electronic properties, these new structures could have broad application for magnetic storage and nanoscale electronics.
"You can think of nanocrystals as building blocks like the toy Lego," said the group's spokesperson, Stephen O'Brien of Columbia, "in which a larger structure can be assembled by locking in the pieces according to their shape and the way they prefer to join to each other. Except all of this is on an incredibly small length scale-billionths of a meter."
The Columbia/IBM team has borrowed ideas from the natural world, in which the right conditions can cause the slow growth of highly uniform structures built from miniature building blocks. Opals are an example of this phenomenon: opals consist of tiny spherical building blocks of silica packed into an ordered structure.
As reported in the January 5 issue of Nature (DOI: 10.1038/nature04414; p. 55), O'Brien and postdoctoral research scientist Elena Shevchenko of Columbia; researchers Dmitri Talapin and Christopher Murray at the IBM Watson Research Center in Yorktown Heights, New York; and Nicholas Kotov of the University of Michigan, Ann Arbor, have formed more than 15 different binary nanoparticle superlattice (BNSL) structures using combinations of semiconducting, metallic, and magnetic nanoparticles (see Figure 1 ). They demonstrated that by tuning the charge state of the nanoparticles, they were able to direct the self-assembly process.
"Combining native solutions of 6.2-nm PbSe and 3.0-nm Pd nanoparticles [with a particle concentration ratio of ~1:5] results in the formation of several BNSL structures with MgZn 2 and cuboctahedral AB 13 lattices dominating," the researchers reported. "However, the same nanoparticles assemble into orthorhombic AB- and AlB 2 -type superlattices after adding oleic acid…and into NaZn 13 -or cuboctahedral AB 13 -type BNSLs after the addition of dodecylamine or TOPO [tri-n-octylphosphine oxide], respectively." The researchers said that entropic (i.e., space-filling or packing-density factors), as well as van der Waals, steric, and dipolar forces also stabilized the BNSL structures.
Integrated Optical Ring Resonator Demonstrated as a High-Sensitivity Biosensor
Over the last decade, optical biosensors have become increasingly indispensable tools in the life sciences, particularly in the area of drug research. These sensors need to be simple, reliable, and able to detect and identify extremely low concentrations of biological molecules. In an article in the December 15 issue of Optics Letters (p. 3344), Alex Ksendzov and Ying Lin of the Jet Propulsion Laboratory (JPL) in Pasadena, Calif., report the demonstration of a new optical biosensor based on a ring resonator that is able to detect concentrations of a test protein as low as 0.1 nM.
State-of-the-art optical biosensors are based on "whispering gallery" modes, which guide light along the surface of a spherical microstructure. The term is derived from the Whispering Gallery of St. Paul's Cathedral in London, where the curvature of the dome allows a whisperer near one wall to be heard by a listener near the opposite wall. Proteins binding to the surface of the device alter the index of refraction experienced by the light, and thus change the resonant frequency of the optical mode. However, these modes are numerous and closely spaced in frequency, which complicates the data collection and analysis for small signals.
Instead, the research team's biosensor is based on a 1.8-μm-thick Si x N y /SiO 2 waveguide bent into a "racetrack" ring resonator with a 13-mm circumference. This device has simple optical modes that are easily identified by transmission resonances. To demonstrate the resonator's sensitivity, the researchers coated its surface with biotin, which has a specific and extremely high affinity for the glycoprotein avidin, and then flowed 3 nM, 0.6 nM, and 0.3 nM concentrations of avidin past the device. By varying the temperature and thus the length of the resonator, the team could locate the transmission resonance frequency. As avidin from the flow accumulated on the resonator surface, the resonance frequency shifted in time, with a rate that was proportional to the protein concentration. Given background drifts, the team estimated that this shift would be measurable for avidin concentrations as low as 0.1 nM (6.8 ng/ml). This is many orders of magnitude more sensitive than most optical biosensors and may be further enhanced as the team implements plans to improve the quality of the biotin coating and the temperature control and monitoring. Integrated ring resonators carrying a variety of protein-binding coatings may ultimately become the basis for large biosensor arrays for use in pharmaceutical biomolecule identification.
COLIN MCCORMICK
Cellular Uptake of Functionalized Carbon Nanotubes Shown to be Energy-Dependent
Recent research has shown that singlewalled carbon nanotube (SWNTs) can transport peptides, proteins, and nucleic acids into living cells. The biocompatibility and nontoxicity of SWNTs, together with their near-IR absorptivity, make them a promising new class of biotransporters for drug and radiation therapies. Recent studies conflict on the mechanism that regulates the cellular internalization of SWNTs. One suggests an energy-independent mechanism involving insertion and diffusion of the SWNTs through the cell membrane, while another suggests endocytosis,
Electronic Carriers Cross Si-Bound Alkyl Monolayers in Two Ways
In order to uncover whether organic molecules can be used to pass electrical current, researchers first need to understand how electrons pass through molecules. "To answer this question," said David Cahen of the Department of Materials and Interfaces at the Weizmann Institute of Science in Israel, "we need to design, build, and use a system that is sufficiently well controlled so that we can be sure that we are measuring what we think we are measuring." Cahen, collaborating with an international group of researchers, has built such a system and has shown that electrons pass through the system by two different mechanisms, switching from one to the other depending on how much voltage is applied and on the length of the molecules.
As reported in the December 31, 2005, issue of Physical Review Letters (DOI: 10.1103/PhysRevLett.95.266807; #266807) the researchers-Cahen, T. Boecking of the University of New South Wales in Australia, C.K. Chan of Princeton University, and colleagues-studied a system of Si-C linked alkyl monolayers sandwiched between a metal (Hg) and semiconductor (n-Si). They discovered that at low forward-bias voltages, the electrons behave quasi-classically, and the temperaturedependence of the current suggests that current is limited by thermionic emission over a barrier in the semiconductor. At higher forward-bias voltages, the electrons behave as waves, and the dependence of the current on the length of the molecules suggests that current is limited by tunneling through the molecules. The researchers said that the longer the molecules, the lower the voltage at which the molecules start to control the current (see Figure 1 ).
Control samples of monolayers on silicon were characterized using both photoemission and other spectroscopies as well as advancing water contact angle (CA). Only samples with CA >110º on Si were used for electrical measurements. With these results and current-voltage measurements, the electron transport processes could be described quantitatively, said the researchers.
The researchers said, "Our results agree with theoretical predictions for semiconductor/ insulator/conductor solar cells that had not been seen till now, because no suitable insulator was found." Cahen added, "Agreement between experiment and theory breaks down, though, for the temperature-dependence of the currentvoltage characteristics, where the signature of the presence of molecules (rather than of, say, an oxide) is seen." a general entry mechanism that is energydependent. Recently, however, N.W.S. Kam, Z. Liu, and H. Dai from the Department of Chemistry at Stanford University have demonstrated the SWNT cellular entry mechanism to be endocytosis.
As reported in a recent issue of Angewandte Chemie International Edition (DOI: 10.1002/anie.200503389), Dai and co-researchers undertook a systematic investigation of the cellular uptake mechanism of SWNTs. The researchers used sonication to obtain short (~50-200 nm) individual SWNTs and small SWNT bundles, which they characterized by atomic force microscopy. Non-oxidized SWNTs were used for complexation with nucleotides and acid-oxidized SWNTs for complexation with proteins. The researchers incubated the functionalized SWNTs with mammalian cells in solution at 37ºC and observed cellular uptake of the nanotubes with confocal fluorescence microscopy and flow cell cytometry.
Cellular uptake of SWNTs was reduced substantially when incubation was performed at 4ºC or under adenosinetriphosphate-depleted conditions, which indicated to the researchers that endocytosis is the internalization mechanism. Endocytosis encompasses several specific pathways, the most common of which takes place mainly through clathrin-coated pits in the cell membrane. Incubations performed under conditions known to disrupt the formation of clathrin-coated vescicles in cell membranes were found to drastically reduce cellular internalization of SWNTs. However, cells pretreated to disrupt an alternative caveolae endocytosis pathway, which involves membrane domains enriched with the protein cavelin, did not result in diminished SWNT cellular uptake.
These results suggested to the researchers that the specific mechanism for cellular uptake of short, dispersed, functionalized SWNTs is clathrin-dependent endocytosis. The researchers said, "Establishment of the entry mechanism is of fundamental importance and will facilitate future developments of carbon nanotube transporters for biological delivery applications." STEVEN TROHALAKI
Xenon Flash Lamp Annealing Shown to be Effective for Processing Ultrathin HfO2 Films for Advanced CMOS Gate Dielectrics
To maintain the current pace of innovation in the silicon-based microelectronics industry, new materials with superior properties must be identified and integrat-ed for next-generation devices. An excellent example is the search for alternative high-dielectric-constant (high-κ) materials to replace silicon dioxide (SiO 2 ) as the gate dielectric in advanced complementary metal oxide semiconductor (CMOS) devices. Since candidate high-κ materials lack the thermal stability of SiO 2 at temperatures used in CMOS processing steps, alternative annealing techniques are being explored. S. Kamiyama, T. Miura, and Y. Nara of Semiconductor Leading Edge Technologies Inc. in Tsukuba, Japan, have determined that xenon flash lamp annealing (FLA) may be used to reduce the thermal budget during CMOS processing because of the short anneal times (<1 ms). They based their conclusions on their study of the effect of xenon FLA on the structural and electrical characteristics of hafnium dioxide (HfO 2 ), a promising high-κ material.
As reported in the December 2005 issue of Electrochemical and Solid-State Letters
Single-Particle Microbatteries Exhibit Behavior Similar to Commercial Batteries
To further develop microsensor technology, reliable aqueous micropower sources such as microbatteries are needed. These microbatteries should demonstrate behavior comparable to those made by commercial manufacturers to be successful in applications ranging from bioengineering to defense. As reported in the December 2005 issue of Electrochemical and Solid-State Letters (p. A622), A. Palencsár and D.A. Scherson of Case Western Reserve University have developed a method for assembling and characterizing Zn-MnO 2 and Ni metal hydride-the two most common commercially used aqueous systems for alkaline batteriesusing single microparticles of these materials. The results of this research suggest the microbatteries show voltage-time profiles similar to those of commercially available batteries involving the same chemistries.
For both the Zn-MnO 2 and Ni-MH systems, microparticles of the active materials were brought in contact with individual current collectors (typically gold microdisk electrodes or tungsten spears) and immersed in 9 M solutions of KOH. Assemblies of both microbattery systems are shown in Figure 1 . The performance of these micropower sources was assessed in a fashion typical for commercial devices, that is, by measuring voltage versus time under constant charge or discharge currents, also referred to as the C-rate, where 1 C is defined as the current required for the nominal capacity of a battery to be consumed in one hour. The voltage versus time (or discharge) curve for a Zn-MnO 2 microbattery, incorporating a ~150-μm-diameter particle of Zn and a ~30-μm-diameter particle of MnO 2 and recorded at a rate of 2 C, is nearly identical to that of a commercial AA battery discharged at C/330. The Ni-MH model microbattery also displayed a behavior similar to conventional batteries. As in commercial devices, said the researchers, the microbattery cathode material, MnO 2 or Ni oxide, respectively, limited the capacity.
ADITI RISBUD (p. G367), ultrathin ( < 5 nm) HfO 2 films were grown using atomic layer deposition on 12-in. p-type silicon (100) substrates. Xenon FLA was then conducted at capacitor charging voltages of 3100-3500 V with a 0.8-ms pulse width. The samples were preheated to 400ºC in a N 2 atmosphere. Xray diffraction (XRD) measurements were performed on the samples subjected to xenon FLA and conventional rapid thermal annealing. TaSi 2.5 (10 nm)/ W (100 nm) gate electrodes were then sputter-deposited for capacitance-voltage (C-V) and currentvoltage (I-V) measurements. According to Kamiyama and co-workers, the actual wafer temperature during FLA is not known. XRD measurements on HfO 2 films after rapid thermal annealing suggest that the crystallization temperature of HfO 2 films is ~600ºC. The onset of post-FLA crystallization for similar films begins at capacitor charging voltages of 3300 V. C-V and I-V measurements on HfO 2 gate dielectrics with TaSi 2.5 /W gate electrodes after xenon FLA show an increase in dielectric constant, and leakage current values comparable with similar samples after annealing in O 3 . Although the films show a slight decrease in equivalent oxide thickness (~5%) after FLA, the researchers said this process shows promise for manufacturing high-κ-based transistors with metal gates. JEREMIAH T. ABIADE
ZnO Field-Effect Transistors Fabricated on Self-Assembled Colloidal Nanorods
Zinc oxide (ZnO) is a transparent semiconductor with a large bandgap. ZnO thinfilm field-effect transistor (TFT) devices fabricated with colloidal ZnO nanocrystals are particularly attractive because they are based on a low-temperature, solutionprocessible semiconducting material. Researchers Baoquan Sun and Henning Sirringhaus of the University of Cambridge have now fabricated high-performance ZnO TFT devices on a SiO 2 /Si substrate by spin-coating an aqueous suspension of ZnO nanocrystals to form a thin film on the substrate.
As reported in the December 2005 issue of Nano Letters (DOI: 10.1021/nl051586w; p. 2408), the researchers investigated the effects of the nanocrystal shape on the colloidal self-assembly of the nanoparticles on the substrate and on the resulting device performance. They found that by changing the shape of the nanocrystals from sphere to rod, the semiconducting properties of the spin-coated ZnO films were greatly improved as the result of increased particle size and self-alignment along the substrate. Post-deposition hydrothermal growth of the nanorods in an aqueous zinc-ion solution was found to further enhance the nanorod dimensions and interconnectivity and significantly improve the device performance. TFT devices made from 65-nm-long, 10-nmwide nanorods exhibited a mobility of 0.61 cm 2 V -1 s -1 and an on/off ratio of 3 × 10 5 after the post-deposition growth. These values are comparable to that of TFTs fabricated by traditional sputtering methods. The researchers also discovered that careful control of stoichiometry during the nanocrystal growth is crucial for achieving sufficiently low film conductivity and high field-effect mobility.
The researchers said that the use of nanorods instead of nanospheres as a seed layer for the hydrothermal growth resulted in long nanorods oriented preferentially in the plane of the substrate near the interface with the gate dielectric. This orientation is favorable for charge transport in TFTs. The researchers concluded, "making use of the self-assembly processes in colloidal nanocrystals is an attractive and simple route for controlling the microstructure and electronic properties of solution-processed semiconductor nanocrystal films." SHIMING WU 
